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1 Introduction
In RAN2#94, the Mobility aspect was discussed and the following was agreed:
Agreements:


1 NR eNB corresponds to 1 or many TRPs

Agreed requirements


2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.


3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.


4
Minimise context move as a consequence of UE based mobility.

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell

In RAN1#85, the following agreement was made in relation to initial access:
	· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal

· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback
· L1 control channel

· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible



With the consideration of previous RAN2 and RAN1 works, this contribution discusses design options for NR DL synchronization.
2 NR SS Structure
NR supports the different application scenarios such as eMBB, mMTC and URLLC. Each application scenario may have the different requirements. In particular for mMTC, the deep coverage scenario (e.g. 164dB MCL) may need to be supported like NB-IoT. For eMBB, possible beam related operation (e.g. beam sweeping with narrow beam or wider beam operation) can be considered to compensate large pathloss in >6GHz carrier frequencies. 
Overall, we can strive for common NR SS design as much as possible. For instance, with occupying multiple OFDM symbols for NR SS (similar to NPSS/NSSS in NB-IoT) in a consecutive manner, it could provide the flexible design options while assuming antenna port assumptions – for instance, among the repetitive symbols, the same antenna port assumption (e.g. the same beam is applied) can be applied to allow coherent processing, or the different antenna port assumption (e.g. the different beams are applied) can be applied to perform non-coherent processing. As a baseline, in order to minimize UE complexity for NR SS detection, the same NR SS structure can be considered for the different application scenarios and different spectrum ranges.
Proposal 1: As a baseline, the same NR SS structure is assumed for the different application scenarios and different spectrum ranges.

In LTE, UE can assume the PSS/SSS existence all the time to acquire time/frequency synchronization in the given carrier frequency. Some exceptions are small cell on/off and LAA which are supported on SCell. The PSS/SSS may or may not be transmitted according to on/off or LBT operation. 

In NR, for various reasons, such on/off mechanism for NR PSS/SSS transmission can be considered in order for eNB to effectively control NR PSS/SSS overhead, NR PSS/SSS interference control, and so on. This approach can also guarantee the forward compatibility to the designs such as on/off and unlicensed design. The signal existence can be realized at UE by threshold detection or other means (e.g. if there is NR S-SCH (Secondary Synchronization Channel) based on FEC with CRC, the detection can be performed by checking CRC). On the other hand, given the NR PSS detection would be the most UE complexity centric, we can consider a fixed transmission for NR PSS to possibly make UE implementation easier while NR SSS or other channels can be transmitted in an opportunistic manner. In case when NR PSS is always transmitted without on/off operation, the predetermined locations can be assumed for UE to safely accumulate multiple instances.
Proposal 2: The opportunistic NR SS transmission is supported at least on NR SSS for overhead/interference control, forward compatibility, and so on.

Figure 1 illustrates the proposed NR SS structure. A ‘SS burst series’ comprises one or multiple ‘SS bursts’. A ‘SS burst’ comprises one or multiple SS. The SS (e.g. each SS corresponds to each OFDM symbol) within the SS burst may be the same or different sequences. When it comes to NR SS on/off operation, eNB autonomous on/off operation can be based on each SS level within each SS burst or on each SS burst level within each SS bursts series. For NR PSS, a common NR PSS sequence can be defined from all TRPs/Cells which can offer SFN gain. The detection of opportunistic transmission can be realized at UE by threshold detection with sequence based design for NR SSS. As another option, the detection of opportunistic transmission can be realized at UE by CRC checking with payload based design. 
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Figure 1 Proposed NR SS structure
Figure 2 illustrates the various applications based on the proposed NR SS structure. Figure 2 (a) shows the example of Omni-Tx, e.g., for <6GHz spectrum. The different antenna assumptions between different SS bursts can be further assumed to offer PVS (Precoding Vector Switching) types of Tx diversity just like LTE. Figure 2 (b) shows the example of Quasi-Omni-Tx (or wider Tx beam), e.g., for >6GHz spectrum. The different beams are applied between SS bursts while the same beam is applied within SS burst. The regular beam patterns are applied between SS bursts series so that UE can perform the accumulations across the different SS bursts series. Figure 2 (c) shows the example of Directional-Tx (or narrower Tx beam), e.g. for >6GHz spectrum. The different beams are applied within SS bursts series. The regular beam patterns are applied between SS bursts series so that UE can perform the accumulations across the different SS burst series. Figure 2 (d) shows the example of opportunistic SS transmission where only the first SS is transmitted in each SS burst. Overall, these examples demonstrate full flexibility of NR SS design considering different applications/scenarios.
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(a) Omni-Tx – e.g. <6GHz
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(b) Quasi-Omni-Tx – e.g. >6GHz: Same beam within SS burst, different beams between SS bursts, Regular beam pattern between SS bursts series
[image: image4.emf]0 1 2 3 4 L-1

Synchronization signal burst

0 1

2 3

4

L-1

Synchronization signal burst

Time

Synchronization signal bursts series 

0 1 2 3 4 L-1

Synchronization signal burst

Synchronization 

signal


(c) Directional-Tx – e.g. >6GHz: different beams between SS within SS burst, different beams between SS bursts, Regular beam pattern between SS bursts series
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(d) Opportunistic SS transmission in SS level

Figure 2 Examples of different applications with the proposed common NR SS structure
Proposal 3: The following NR SS structure is considered as baseline as also shown in Figure 1:
· An ‘SS bursts series’ comprises one or multiple ‘SS burst’ with a periodicity
· A ‘SS burst’ comprises one or multiple ‘SS’ with a duration
3 Classification of Tx/Rx Beamforming
We classify the Tx/Rx beamforming option at least for the further study. In >6GHz frequency, beamforming operation may need to be studied.
· Omni-directional Tx/Rx
· Single antenna element used in antenna array

· Single beam in the beam subset. No directivity gain.

· Partial power utilization at Tx in >6GHz

· Quasi omni-directional Tx/Rx
· All antenna elements used in antenna array

· Smaller number of beams in the beam subset. Smaller directivity gain.

· Full power utilization at Tx

· Directional Tx/Rx
· All antenna elements used in antenna array

· Larger number of beams in the beam subset. Larger directivity gain.

· Full power utilization at Tx
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Figure 3 Classification of Tx/Rx Beamforming
Proposal 4: The following three types of beamformed Tx/Rx are considered for NR SS design:
· Omni-directional Tx/Rx
· Quasi omni-directional Tx/Rx
· Directional Tx/Rx
4 NR SS on Different Numerologies
If NR adopts multiple numerologies (e.g. multiple subcarrier spacing such as 15kHz and its 2^m multiples: 3.75kHz, 7.5kHz, 30kHz, 60kHz, 120kHz, and so on) and if NR SS designs are different accordingly, UE would need multiple hypothesis tests to detect NR PSS/SSS, which significantly increases UE complexity and power consumption. We discuss three alternatives to support multiple numerologies:
· Alt 1: A single/common design using a predetermined subcarrier spacing
· Pros

· No uncertainty about subcarrier spacing in initial acquisition. 

· Cons

· Not optimized for overall scenarios – e.g. If the largest subcarrier spacing (e.g. 120kHz subcarrier spacing and potentially shorter CP length) is used, it is not proper for macro cell and/or lower carrier frequency. If the smallest subcarrier spacing (e.g. 15kHz subcarrier spacing and potentially longer CP length) is used, it is not proper for small cell and/or high carrier frequency.
· Alt 2: Numerology dependent design
· Pros

· Can optimize the design according to different applications/frequencies (e.g. smaller subcarrier spacing for higher carrier frequency and larger subcarrier spacing for lower carrier frequency)
· Cons

· UE needs multiple capabilities for different numerologies
· Alt 3: Hybrid design of numerology independent and dependent (e.g. Single/common design (numerology independent) for NR PSS and different designs (numerology dependent) for NR SSS and possibly later step of NR PBCH/SIBx)

· Pros

· Can compromise the most complexity centric step of NR PSS and can optimize the individual applications/scenarios

· Cons

· UE still needs multiple hypothesis tests except NR PSS

· can take into account the numerology employed in the network
Proposal 5: RAN1 to further discuss how to handle different numerologies covering all different applications/scenarios and carrier frequencies in designing NR PSS/SSS
5 Frequency Localization
In frequency domain, one of the simplest and clearest ways would be to fix the location of NR PSS/SSS/PBCH transmission in the central frequency location in the given carrier bandwidth. Alternatively, multiple frequency regions may be considered to send NR PSS/SSS and potentially NR PBCH/SIBx. If NR PSS can be located on the multiple frequency locations corresponding to frequency raster, during initial cell search, UE may detect NR PSS/SSS and consequently attempt to decode NR PBCH/SIBx. If NR PBCH/SIBx is not sent on the concerned frequency raster, UE may need to unnecessarily perform initial access unless the NR PSS/SSS is prohibited to send on the frequency raster. Therefore, it needs further discussion whether or not to have additional NR PSS/SSS other than the central frequency location of the carrier bandwidth.
Proposal 6: NR PSS/SSS/PBCH is at least sent on the central frequency location of the carrier bandwidth. FFS for additional NR SS transmission on other frequencies.
6 Conclusions
This contribution discussed the several aspects on designing NR DL synchronization signals. Based on the discussions, our views are summarized as follows:
Proposal 1: As a baseline, the same NR SS structure is assumed for the different application scenarios and different spectrum ranges.

Proposal 2: The opportunistic NR SS transmission is supported at least on NR SSS for overhead/interference control, forward compatibility, and so on.

Proposal 3: The following NR SS structure is considered as baseline as also shown in Figure 1:
· An ‘SS bursts series’ comprises one or multiple ‘SS burst’ with a periodicity

· A ‘SS burst’ comprises one or multiple ‘SS’ with a duration
Proposal 4: The following three types of beamformed Tx/Rx are considered for NR SS design:

· Omni-directional Tx/Rx
· Quasi omni-directional Tx/Rx
· Directional Tx/Rx
Proposal 5: RAN1 to further discuss how to handle different numerologies covering all different applications/scenarios and carrier frequencies in designing NR PSS/SSS

Proposal 6: NR PSS/SSS/PBCH is at least sent on the central frequency location of the carrier bandwidth. FFS for additional NR SS transmission on other frequencies.
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